Background: Refractory asthma represents an important condition, with considerable morbidity and mortality. Tumor necrosis factor (TNF-) is a potential target for treatment of severe asthma. However, controlled studies have shown controversial results and the risk-benefit profile of TNF-blocking agents is still debated.
INTRODUCTION
For some patients, asthma continues to be poorly controlled despite intensive treatment, and disease seems relatively unresponsive to corticosteroids. This severe refractory form of the disease represents considerable morbidity and mortality. Treatment options are limited and additional therapy is greatly needed.
Tumor necrosis factor (TNF-) is a potential target for asthma treatment [1, 2] , especially severe asthma [3, 4] . However, controlled studies have shown controversial results and the risk-benefit profile of TNF-blocking agents is still debated [5] . Recent studies suggest that a subset of patients [6] , who still need to be clearly identified, may benefit from anti-TNF-drugs. We report our experience with infliximab in 7 patients with severe steroid-resistant asthma.
METHODS

Subjects
From February 2007 to April 2010, 195 patients were evaluated for severe asthma in our center. Among them, 7 adult patients were considered for anti-TNF-treatment because of uncontrolled asthma with severe exacerbations and frequent hospitalizations. All had severe steroidrefractory disease according to the American Thoracic Society criteria [7] . Asthma control was unacceptable despite the best standard care treatment and careful repeated evaluation (including search for alternative diagnosis, comorbidities, environmental exposure, treatment adherence) by pulmonary physicians trained in asthma care. All were non-or ex-smokers.
All patients had received the maximal available inhaled asthma treatments and continuous oral steroids, and showed no improvement with omalizumab treatment for 6 months. Two patients did not fulfill the criteria for omalizumab because of total IgE level <30 UI/ml (patient 1) or >700 UI/ml (patient 3) but received the 6 months of omalizumab because of the severity of disease.
Anti-TNF-Treatment
After medical evaluation according to the French Society for Rheumatology guidelines (http://www.rhumatologie.as so.fr/), patients received infliximab (Remicade, Centocor), 3 mg/kg intravenously, at weeks 0, 2, 6, and 12. Patients with improved asthma control after 3 months (i.e., 4 injections), then received treatment every 6 weeks. When immediate hypersensitivity reaction occurred, treatment was switched to subcutaneous adalimumab (Humira, Abbot), 40 mg every 2 weeks. All patients received oral information concerning potential risks and benefits of the treatment and gave their informed consent to treatment. Because the prescription for anti-TNF-agents for asthma is off-label in France, this study was approved by the local institutional review board.
Assessments
Patients were prospectively evaluated at each visit (weeks 0, 2, 6, and 12), with particular emphasis on treatment tolerance and efficacy. Treatment outcomes were asthma control, as evaluated by the Asthma Control Test (ACT); the number of conventional and intensive-care-unit (ICU) hospitalizations related to asthma exacerbation; the number of exacerbations (defined as an increase in symptoms for more than 48 h requiring a change in asthma treatment) within the previous year and 1 year after anti-TNF-treatment; and weaning from oral steroid treatment. Spirometry was performed at inclusion and at 3 and 6 months of treatment. Side effects were considered severe if they required stopping anti-TNF-a therapy.
Statistical Analysis
Asthma control test scores from baseline to the last month of treatment were compared by a one way analysis of variance using GraphPadPrism 4.00 (GraphPad Software, California, USA).
RESULTS
Characteristics of Patients
Seven adult patients (5 females; mean age 50.8±9 years) with severe uncontrolled asthma received infliximab. Their main characteristics are in Table 1 . During the year preceding infliximab treatment, all patients presented more than 3 exacerbations. Four patients (patients 1,3,4,6) were considered to have brittle asthma and were frequently hospitalized in the ICU for severe exacerbations; 3 required mechanical ventilation. Two patients were ex-smokers and 2 had Vidal triad. One patient was considered to have occupational asthma secondary to isocyanate exposure.
Treatment
All patients received infliximab, and for 2, treatment was switched to adalimumab because of hypersensitivity reactions. The mean duration of anti-TNF-treatment (infliximab and/or adalimumab) was 17.7±14 months. Treatment efficacy could not be evaluated in patient 2 because she stopped the treatment just after the third infusion of infliximab, considering that her asthma remained too poorly controlled. Patient 5, despite improvement in ACT score and decrease in prednisone use from 20 to 5 mg/d, stopped infliximab treatment after 4 months of treatment "for personal convenience," considering hospital visits too constraining. Three patients have received infliximab for more than 2 years, with excellent tolerance. In one patient, the treatment was stopped after 3 years of optimal asthma control with low-dose inhaled steroids. No exacerbation occurred during the first 18 months after withdrawal.
Efficacy
All 6 patients who could be evaluated after 3 months of anti-TNF-treatment showed marked improvement in asthma control. Mean ACT increased from 8.1±1.6 to 15.6±4 and 16.8±7.3 after 3 and 6 months, respectively (p=0.0019, Fig. 1A) . Oral steroids dose could be decreased in all patients except one. Four patients could be definitely weaned off continuous oral prednisone (Fig. 1B) . The number of exacerbations was reduced. Three patients who were considered to have brittle asthma (1, 3 and 4) showed the greatest improvement with anti-TNF-therapy, with a decrease in number of hospitalizations and especially no need for ICU hospitalization during treatment. We observed no significant change in forced expiratory volume in 1 sec (FEV 1 ) during treatment. In the 3 patients receiving infliximab for now 2 years, asthma control remains acceptable.
Tolerance
Two patients presented immediate hypersensitivity reactions (cutaneous rash, fever, tachycardia) after 1 and 2 infusions, so the treatment was changed to adalimumab, which was well tolerated. Three patients experienced fever as a minor adverse effect during infusion.
The 2 patients receiving adalimumab experienced severe adverse reactions that required treatment withdrawal, despite the beneficial effect on asthma control: 1 severe Pneumococcal pneumonia requiring mechanical ventilation and 1 spreading melanoma that extended during treatment.
DISCUSSION
We report here a case series supporting the use of infliximab for severe refractory asthma. In our patients, infliximab improved asthma control, had a marked oralsteroids sparing effect and strongly reduced asthma exacerbations and ICU hospitalizations.
Our cases were relatively homogenous and could be clinically characterized as severe steroid-dependent refractory asthma, with frequent exacerbations and daily symptoms despite close repeated medical evaluation and maximal treatment including oral steroids. Six-month treatment with non-effective omalizumab every 2 or 4 weeks in the hospital could limit the placebo effect of regular visits during infliximab administration.
Because of the frequent exacerbations and ICU admission within the previous year, the disease of all our patients would have been considered too severe for their inclusion in controlled trials evaluating TNF-blocking drugs.
The place of anti-TNF-treatment in severe asthma is still debated despite a strong scientific rationale and several positive proof-of-concept studies [4, [8] [9] [10] . One hypothesis explaining the controversial and disappointing results may be the different phenotypes of severe asthma among patient eligible for these trials. For example, recent results from the large controlled study of golimumab with negative results 6 suggested improvement with TNF blockade for a subgroup of patients with severe asthma and rhinosinusitis and highly Extension of spreading melanoma *The American Thoracic Society (ATS) criteria for refractory asthma are one or both of the following major criteria: 1) continuous treatment (for more than half of the year) with oral corticosteroids and 2) required treatment with high-dose inhaled corticosteroids; as well as 2 or more of the following minor criteria: 3) the need for daily "reliever" medication, 4) the presence of symptoms requiring daily treatment, 5) persistent airflow obstruction (defined by a forced expiratory volume in one second [FEV1] < 80% of the predicted value), 6) a history of one or more urgent care visits for asthma, 7) the need for 3 or more bursts of oral corticosteroids per year, 8) prompt deterioration in clinical condition after reduction of < 25% in corticosteroids dose, and 9) a history of near-fatal asthma. ACT, Asthma Control Test.
reversible FEV 1 [6, 11] . The main characteristics of our patients were fixed airway obstruction (6/7) and overweight or obesity, which is associated with high TNF-expression [12] . Such a clinical phenotype has been identified by cluster analysis from large cohorts of asthma patients [13] . In our series, patients with the greatest improvement were considered to have "brittle asthma", characterized by rapidonset and severe exacerbations. This subgroup of severe refractory asthma could represent another asthma phenotype [14] , but whether it is associated with high TNFexpression [15] , which may predict sensitivity to TNF blockade, remains to be investigated.
We observed many serious adverse events, despite the small size of our sample. The 2 patients receiving adalimumab showed side effects. The most severe adverse effect was bacterial pneumonia. The role of long-term treatment with high doses of inhaled and/or oral steroids may explain the high rate of infections in patients with asthma receiving golimumab [6] . However, no unexpected safety findings were observed in 132 patients with moderate to severe asthma receiving etanercept for 12 weeks [16] . The pre-existence of melanoma in patient 7 would have represented a contra-indication for anti-TNF-therapy, but we failed to detect it before treatment.
The relatively high rate of immediate hypersensitivity to treatment in our patients (2/7 patients) as compared with patients with rheumatoid arthritis may be explained by our patients not concurrently receiving methotrexate, which may promote immunologic tolerance of infliximab therapy. We found no evidence of bronchospasm during infliximab infusion, as is described in rheumatologic patients [17] .
Three patients have received infliximab for more than 2 years, with excellent tolerance.
We believe that infliximab had a favourable risk-benefit profile in most of our patients, considering the asthma severity, occurrence of life-threatening exacerbations and complications of long-term oral steroids. This subgroup of severe refractory asthma with frequent exacerbation may represent a particular clinical phenotype with high efficacy of infliximab. Specific controlled trials should be designed for these patients with severe steroid-refractory asthma to assess this hypothesis. Characterization of the airway inflammatory profile and gene expression pattern in the sputum [15] would help identify biomarkers of patients most likely to respond to such treatment.
Infliximab may improve the condition of some patients with severe steroid-dependant refractory asthma, although this small series does not allow for definitive conclusions. Careful medical evaluation is warranted before and during treatment. A properly designed, randomized trial of a larger group of severe steroid-refractory patients is needed to confirm the benefit/risk ratio of anti-TNF-treatment in this particular population.
